Measurement of seed germination and seedling growth. Seeds of barley were pressed into the surface of moistened sand in glass Petri dishes (14cm diam.). For each treatment three plates each containing 10 seeds were used. The percentage germination and, in some experiments, the extension of roots and coleoptiles were assessed after 5 days in the dark at 20 "C. To test the effect of oxygen, seeds were placed on moistened sand in 2 1 conical flasks (30 seeds per flask) and flowmeters were used to regulate the supply of oxygen and nitrogen to the flasks.
Assessment of viability. To investigate the relationship between fungal inhibition of seed germination and seed death, seeds were treated with the fungus and left in moistened sand for various lengths of time, The seed husk and any visible fungal mycelium were removed before assessing germination of the seed on sand.
The viability of seeds exposed to various periods of anaerobiosis was assessed with seeds which had been surface-sterilized by soaking in a 1 2 % (v/v) aqueous sodium hypochlorite for z min, pressure being reduced for half this period (Barber, 1967) , then washed six times for 5 min in sterile distilled water, and dried overnight in a sterile desiccator. These seeds were placed in sterile distilled water through which nitrogen was bubbled. At intervals, 30 seeds were removed and their ability to germinate on moistened sand within 5 days was assessed. Analysis of seed exudates. One hundred surface-sterile barley seeds were added to 10 ml of a sterile dilute mineral solution (Lynch, 1g77a) in a IOO ml flask. Mixtures of air and nitrogen were made using flowmeters, and the gases were sterilized with a filter and bubbled through a Dreschel bottle containing sterile mineral solution to saturate them with water vapour, before being passed into the flask containing the seeds. The composition of the effluent gases was checked by gas chromatography (Smith & Dowdell, 1973) . At intervals, samples (5 ml) of the solution in the flask were taken for analysis of soluble carbon compounds as described by Gunn (1975) . The mineral solution in the Dreschel bottle was also analysed to ensure that negligible
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Short communication quantities of these substances had entered the system in the gas stream. After each sampling, solution from the Dreschel bottle was added to the flask to keep the solution in the latter at constant volume.
RESULTS
Eflect of inoculum density Gliocladium roseum rapidly colonized barley seeds at the end of the seed closest to the embryo. Inoculum densities of I , 5 and 7 g 1-1 inhibited germination by 20, 70 and go % respectively.
Although germination was suppressed while the fungus remained on the seeds, some time elapsed before they were killed. After 3 days colonization, there was little effect on seed viability; in 7 days it was reduced to 40% and it took 10 days to kill all seeds.
Substrates for microbial colonization
The time-course of exudation into solutions saturated with air was studied. A large quantity of exudate was released during imbibition (8 ,ug carbon seed-l h-l) which probably corresponds to the rehydration of membranes (Simon, 1974) . Within I h the rate of exudation decreased by a factor of 4, reached a steady state for at least 48 h and was the same at pH 3-2 and pH 6, the pH range in which these seeds germinated normally. In low concentrations of oxygen the initial flux of exudation was not affected but the steady state production was increased (Table I ). The flow of exudates appeared to be related to their concentration in the surrounding medium ; continuous removal of the exudates increased the flow.
Competition between fungi and seeds for oxygen Entry of oxygen into the seed was investigated with seeds which had imbibed so that they had sufficient moisture to germinate. These seeds were sealed in various regions with silicone grease to provide a barrier to oxygen diffusion. Whereas the silicone exerted no toxic effect on the seed directly, coating of the seed at the tip nearest to the embryo, i.e. the position of fungal colonization, reduced germination by go %. After the husks of seeds were removed, no such inhibition in germination was found.
Lowering the concentration of oxygen reduced the percentage germination of seeds (Fig. I) . When the fungus was present, the germination was reduced still further. For example, whereas anaerobiosis was necessary to completely prevent germination in the absence of the fungus, in its presence an oxygen concentration of between 7 and 12% was sufficient. When seeds were subjected to anaerobiosis in the absence of the fungus for I day their viability was reduced to 67%, but none was able to survive the treatment for more than 5 days.
DISCUSSION
The growth of the fungus on the seed depends on the supply of a carbon source, which could be provided either by soluble exudates from the seed or by the components of its husk. The very rapid localized colonization suggests that soluble substrates are used by the fungus. Pearson & Parkinson (I 96 I) demonstrated that ninhydrin-positive substances were initially excreted from around the embryo (the micropylar region) of the broad bean seed and if this were also true for barley it would explain the fungal colonization of the seed in that area. The size and shape of the barley seed make it difficult to establish the site of exudation.
The observations on oxygen entry into the seed suggest that the husk usually provides the major barrier and that in undamaged seeds the only position at which oxygen could enter would be the tip at the end containing the embryo; here there is a crack in the coat and a plug of fibrous material. For seeds with other cracks in the husk, alternative paths for oxygen entry would be available and this might provide a further explanation for the Short communication I95 absence of complete inhibition of germination described above. However, it could be that the layer beneath the husk, the pericarp-testa, is the structure which provides the barrier to oxygen diffusion as it was not possible to establish unequivocally that this layer was not damaged during the removal of the husk.
A major factor contributing to the ability of the fungus to prevent seed germination appears to be its successful competition with the seed for oxygen. Others have concluded from respirometric studies with antibiotic treatment of seeds that competition for oxygen is important in interactions between micro-organisms and seeds (Gaber & Roberts, I Lynch, unpublished results) . In 'anaerobic' soils, it is likely that microbial competition with the seed for oxygen would be particularly deleterious but this does not preclude .the possibility that the microbial production of toxins is also important.
Although neither seed nor fungus grows under anaerobic conditions, a reduction in the supply of oxygen, which induces more soluble carbon compounds for fungal growth to be exuded by the seed, indirectly makes the seed more vulnerable to fungal colonization. This is consistent with the results of laboratory and field experiments with seeds of bean (Schroth & Cook, 1964; Matthews & Bradnock, 1968) , cotton (Hayman, 1969) , peas (Flentje & Saksena, 1964; Kerr, 1964; Matthews & Bradnock, 1967 ,1968 and soybean (Keeling, 1974) which have shown that seeds producing the greatest amounts of exudates are those most susceptible to fungal attack. Seeds in a batch usually have different vigours (Heydecker, 1972) and this may explain why not all of them are affected by fungal stress in air.
The colonization of barley seeds by the pathogen Cochliobolus sativus is increased during anaerobiosis but G. roseum can successfully compete with it (Tyner & McKinnon, 1964) . The present studies indicate that this competition is of little practical value. However Azotobacter chroococcum can successfully compete with G. roseum without adversely affecting the seed ; this effect is dependent on inoculum densities and germination conditions (Lynch, I 977 b) . Nevertheless it appears that treatment of seeds with suitable chemicals might be a more practical way of preventing the fungal colonization of seeds in the field.
The present study has examined some aspects of the interaction between the seeds of 196 Short comm mica t ion one plant species and a fungus. However, this interaction does not appear to be restricted to G. roseurn and barley as we have found similar activity with another common soil fungus, Mucor hiemalis. In the field, the interaction would depend on the density of fungi to which the seed is exposed and this follows the concept of inoculum potential (Garrett, 1970) .
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